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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of computer
programs and systems, and more specifically to a data
structure, method, system and program for designing a
3D model.

BACKGROUND

[0002] A number of systems and programs are offered
on the market for the design, the engineering and the
manufacturing of objects. CAD is an acronym for Com-
puter-Aided Design, e.g. it relates to software solutions
for designing an object. CAE is an acronym for Computer-
Aided Engineering, e.g. it relates to software solutions
for simulating the physical behavior of a future product.
CAM is an acronym for Computer-Aided Manufacturing,
e.g. it relates to software solutions for defining manufac-
turing processes and operations. In such computer-aided
design systems, the graphical user interface plays an
important role as regards the efficiency of the technique.
These techniques may be embedded within Product Li-
fecycle Management (PLM) systems. PLM refers to a
business strategy that helps companies to share product
data, apply common processes, and leverage corporate
knowledge for the development of products from concep-
tion to the end of their life, across the concept of extended
enterprise. The PLM solutions provided by Dassault Sys-
temes (under the trademarks CATIA, ENOVIA and DEL-
MIA) provide an Engineering Hub, which organizes prod-
uct engineering knowledge, a Manufacturing Hub, which
manages manufacturing engineering knowledge, and an
Enterprise Hub which enables enterprise integrations
and connections into both the Engineering and Manufac-
turing Hubs. All together the system delivers an open
object model linking products, processes, resources to
enable dynamic, knowledge-based product creation and
decision support that drives optimized product definition,
manufacturing preparation, production and service.
[0003] CAD software propose ways to create three-
dimensional (3D) models called parts using a set of tools
that can be divided in two categories: History-based ap-
proach (also referred to as Parametric Modeling) and His-
tory-free approach (also referred to as Explicit Modeling)
[0004] History-based approach was designed to cap-
ture design intent by storing each step of the creation
process using features, constraints, ... It is really like a
part recipe; each step of the creation exposes a set of
parameters the user can change. If he does change one
parameter, the whole ’recipe’ is replayed in the same
exact order to regenerate the new part. This approach is
generally represented with a tree which allows the user
to quickly understand the order of the operations.
[0005] History-free approach does not rely on a se-
quence of operations being replayed at each modifica-
tion. Each modification is done on the current 3D model.
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That is to say that there are no intermediary steps, no
"recipe", when the user modifies his design, the modifi-
cation is absorbed by the feature and as such, the pa-
rameters leading to the modification are not kept. This
approach allows the user to create 3D model more quick-
ly and more freely because the order in which the oper-
ations are done is not kept. The user can focus on the
geometry he is creating instead of worrying about the
order in which he should create his features. Moreover,
he does not have to worry about the impact of his mod-
ification.

[0006] The advantage of the history-based approach
is also its drawback. The parametric approach, although
it is very convenient to be able to change parameters
almost anytime, brings rigidity to the design process.
Once the ’recipe’ is created, each feature being strongly
typed, you can only play with the parameters. Any other
change can be very complicated because, to get the
change the user wants, he has to think about how it will
affectthe resultwhen the partis regenerated. In a context
where the user wants to test different type of shapes and
wants to iterate quickly, this is a major drawback. History-
based approach is mainly used to create mechanical
parts that represents objects of the real-world to be man-
ufactured while history-free approach is mainly dedicated
to organic shapes of products, in the Concept Modeling
or class A stages.

[0007] The objects usedinthe history-based approach
are strongly typed. In order to change the type of an ob-
ject, one needs to create a whole new object and replace
the original one by the new one in the tree representing
operation orders. The new object having no link whatso-
ever with the replaced one, may not fit well in the current
"recipe" due to topology changes. It happens if an oper-
ation cannotfind anymore the elements it needed to com-
pute its modification because the object it relies on
changed. In this case, the user will have to explicitly tell
the system how to doit. It is a tedious task and the more
complex the history is, the more tedious and time con-
suming.

[0008] With the history-free approach, the user is able
to quickly iterate on the shape because the feature he is
working on is not typed at all. The user does not need to
take care of the consequences of the current modifica-
tions on the history of object being designed. In addition,
the user works on the current state of the object because
no history is stored in the generic feature (the one being
designed). So even though the user can iterate quickly
on his shape, he can only modify the current state of his
3D shape. He does not have access to any parameters
of any of his previous operations.

[0009] The history-based and the history-free ap-
proaches are not incompatible, as an object generated
from an history-free context can be integrated in an his-
tory-based context. To be more precise, a user could
create an history-free model and apply operations on it
which will generate a new 3D model from it.

[0010] However, the respective data structures of



3 EP 3 674 931 A1 4

these two approaches are notinteroperable. Indeed, data
structures for objects generated by the history-based and
history free-approach are a bit different; notably because
the data structures of object in the history-based ap-
proach is strongly typed, while the data structure in the
history-free approach is objects are not typed (the de-
signers works on a generic feature also called "datum”,
which is a generic feature without any entry . The type
of a 3D model in a history-based context refers to its
characteristics, it is defined by a set of parameters and
at least one operation taking as inputs the set of param-
eters and returning as an output the object’s topology.
For instance, and in reference to FIG. 1, a 3D Sphere is
a typed 3D model, the "sphere" type comes with its set
of parameters that are its center, radius and opening an-
gle. This comes with an operation that takes all these
parameters as input and is able to return the topology of
the sphere. On the contrary, in a history free context, the
shapes created have no type by definition as the object
does not have any parameters. Each operation applied
on the object is applied on the current definition of this
object. In the example of FIG. 3, the user would only
access the topology of the sphere, that is, the wireframe
that is comprised of all the vertices, edges and from that
information the faces can be made.

[0011] To summarize, the data structure of the history-
based approach comprises input parameters specific to
the type, at least one operation specific to the type, and
output topology generated by the previous operation(s).
The data structure of the history-free approach compris-
es the current topology generated by the last external
operation applied on the object.

[0012] Because of these fundamental differences be-
tween the two approaches, current history-free ap-
proaches do not allow to retrieve the "recipe" of the mod-
ifications performed by the user on the 3D model (which
amounts to say on the mesh). Especially, itis not possible
to automatically retrieve and apply the same or similar
design operations performed on a first 3D model on a
new mesh. For instance, a designer that has modified
the design of the door of a first model of car cannot au-
tomatically apply the same modifications on the door of
a second car model. This means that it is almost impos-
sible to reuse a design intent in a history-free CAD ap-
proach; the designer has to intuitively apply modifications
on the mesh of the second model of car with the hope to
reproduce his/her initial design intent.

[0013] Within this context, there is still a need for an
improved data structure defining a 3D model for history-
free approach.

SUMMARY OF THE INVENTION

[0014] Itistherefore provided a data structure defining
athree-dimensional (3D) model. The data structure com-
prises one delegated data object. The said one delegated
data object comprises input parameters specific to a type
of the delegated data object, and at least one operator
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specific to the type of the delegated data object for gen-
erating an output topology. The data structure also com-
prises an output topology generated by the operator.
[0015] The data structure may further comprise an in-
terface to add or remove at least one operator.

[0016] It is also provided a computer-implemented
method for designing a three-dimensional (3D) model.
The method comprises providing a first data structure,
the first data structure defining a first 3D model compris-
ing a first delegated data object and a first output topol-
ogy, modifying, upon user action, the first delegated data
object, computing a second output topology as a result
of the modification of the first data structure, determining
whether a change of topology occurred by comparing of
the first and second output topologies, replacing the first
delegated data object by a second delegated data object
if a change of topology is determined between the first
and second output topologies or keeping the first dele-
gated data object if no change of topology is determined.
[0017] The method may further comprise one or more
of the following:

- replacing the delegated data object by the second
delegated data object comprises: - comparing the
second output topology with a list of output topolo-
gies, each output topology of the list being associat-
ed with one delegated data object; - automatically
selecting a third delegated data object as a result of
the comparison, the third delegated data object be-
ing a delegated data object of the list with an asso-
ciated outputtopology thatis the same as the second
output topology;

- if no delegated data object of the list is selected as
a result of the comparison: - providing the user with
one or more one delegated data objects of the list
having associated output topologies that are the
closest to the second output topology, including one
generic delegated data object; - selecting by the user
one of the provided delegated data objects;

- modifying, upon user action, the first delegated data
object comprises: - modifying one or more input pa-
rameters of the first delegated data object; - deter-
mining no topological change as a result of the com-
parison; and - overwriting the input parameters of
the first delegated data by the modified one or more
input parameters;

- after providing the first data structure: rendering the
first output topology therefore forming a mesh; mod-
ifying, upon user action, the mesh.

- modifying the mesh comprises performing at least
one operation selected among a scaling, a move;
and wherein keeping the first delegated data object
further comprises generating the first output topolo-
gy by the operator of the first delegated data object;

- the first delegated data object and the first output
topology form a base mesh;

- replacing the first delegated data object by the sec-
ond delegated data object further comprises storing
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the second delegated data object as a new type.

[0018] It is further provided a computer program com-
prising instructions for performing the method.

[0019] Itis further provided a computer readable stor-
age medium having recorded thereon the computer pro-
gram and/or the data structure.

[0020] It is further provided a system comprising a
processor coupled to a memory, the memory having re-
corded thereon the computer program and/or the data
structure. The system may further comprise a graphical
user interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the invention will now be de-
scribed, by way of non-limiting example, and in reference
to the accompanying drawings, where:

- FIG. 1 shows an example of a strongly typed object;

- FIGs. 2 to 4 show examples of the data structure of
the invention;

- FIGs. 5 to 6 show examples of the build phase;

- FIG. 7 illustrates a method for designing a 3D model
with the data structure;

- FIGs. 8 to 9 illustrate examples of FIG. 7;

-  FIGs. 10a, 10b, 11a, 11b, 14a, 12b illustrate base
meshes of the data structure output; and

- Fig. 13 shows an example of the system;

- FIG. 14a to 14d show examples of base meshes
defined by the data structure.

DETAILED DESCRIPTION OF THE INVENTION

[0022] With reference to FIG. 4, it is proposed a data
structure that defines a three-dimensional (3D) model.
The data structure comprises one delegated data object
and an output topology generator. The delegate data ob-
ject comprises input parameters specific to the type of
the delegated data object and at least one operator spe-
cificto the type of the delegated data object for generating
an output topology.

[0023] Such a data structure improves the design of a
3D model in a history-free computer-aided design sys-
tem.

[0024] Notably, the data structure allows to lift the lim-
itations of the history-free approach by introducing the
notion of "weak type" and "flexible modeling". Like the
history-free approach, the data structure defining the 3D
model is generic. Instead of taking an object defining its
type as an input, a generic object delegates its type to
another object. This other type of object is also called
"weak type". Thanks to this delegated data object, it is
possible to design the 3D model by use of the data struc-
ture that is a generic feature: the generic feature has a
type, like in the history-based approach. However, this
type is not strongly linked with the feature as the type is
delegated to the delegated data object. This allows the
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feature to change type along its lifecycle, depending on
the context and the operations. Hence, the data structure
is sufficiently generic so thatitis possible to keep it during
design operations, and to change it if necessary or asked
by the designer. In addition, the data structure offers new
possibilities for the designer regarding the creation of fea-
tures: indeed, the delegated data objectis not necessarily
linked to a common feature (e.g. plane, cylinder, sphere,
torus...) and any shape (e.g. designer by the user) may
be used for obtaining a new delegated data object’s type.
[0025] WithreferencetoFIG.7,itis proposed amethod
for designing a 3D model by using the data structure.
The proposed method comprises providing a first data
structure according to the invention. The first data struc-
ture defines a first 3D model comprising a first delegated
data object and a first output topology. Then, the method
comprises modifying, upon user action, the first delegat-
ed data object of the first data structure. The method
further comprises computing a second output topology
as a result of the modification of the first data structure.
The method also comprises determining whether a
change of topology occurred by comparing the first and
second output topologies. The method further comprises
replacing the first delegated data object by a second del-
egated data object if a change of topology is determined
between the first and second output topologies or keep-
ing the first delegated data object if no change of topology
is determined.

[0026] Such a method improves the design of a 3D
model in a history-free computer-aided design system.
Notably, the method uses the data structure that allows
to lift the limitations of history-free approach by introduc-
ing the notion of "weak type" and "flexible modeling".
Hence, the present method allows to keep or to replace
a delegate data object depending a change of topology
occurs or not while designing the first 3D model. Because
of the history-free approach, the successive operations
done on a 3D model are not stored, each operation works
on the last state of the feature. It means that some op-
erations can alter the delegated data object of the data
structure or generic feature. When it happens, the dele-
gated data object is replaced by a more appropriate one.
However, all operations (e.g. design operations) are not
too destructive, and in some cases, they can keep the
delegated object as is, because in reality, the operation
is modifying one of delegated object parameters. In ad-
dition, the present method ensures that the object visible
in a feature tree never changes, only the underlying del-
egated data object changes. Consequently, when the
delegated data object changes, the system still knows
the previous and the new type of the 3D model. Despite
the replacement of the delegated data object by a new
one, the knowledge of the object being replaced can be
kept. Flexibility of the history-free approach is thus im-
proved.

[0027] The method is computer-implemented. This
means that steps (or substantially all the steps) of the
method are executed by at least one computer, or any
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system alike. Thus, steps of the method are performed
by the computer, possibly fully automatically, or, semi-
automatically. Inexamples, the triggering of atleast some
of the steps of the method may be performed through
user-computer interaction. The level of user-computer
interaction required may depend on the level of autom-
atism foreseen and put in balance with the need to im-
plement user’s wishes. In examples, this level may be
user-defined and/or pre-defined.

[0028] Forinstance, the step of modifying the first del-
egated data object is performed upon user action, e.g.
during design operation.

[0029] A typical example of computer-implementation
ofamethod is to perform the method with a system adapt-
ed for this purpose. The system may comprise a proces-
sor coupled to a memory and a graphical user interface
(GUI), the memory having recorded thereon a computer
program comprising instructions for performing the meth-
od. The memory may also store a database. The memory
is any hardware adapted for such storage, possibly com-
prising several physical distinct parts (e.g. one for the
program, and possibly one for the database).

[0030] The data structure defines a 3D model and the
method generally manipulates the data structure, and
thus a 3D model. A 3D model is also referred to as mod-
eled object. A modeled object is any object defined by
data stored e.g. in the database. By extension, the ex-
pression "modeled object" designates the data itself. Ac-
cording to the type of the system, the modeled objects
may be defined by different kinds of data. The system
may indeed be any combination of a CAD system, a CAE
system, a CAM system, a PDM system and/or a PLM
system. In those different systems, modeled objects are
defined by corresponding data. One may accordingly
speak of CAD object, PLM object, PDM object, CAE ob-
ject, CAM object, CAD data, PLM data, PDM data, CAM
data, CAE data. However, these systems are not exclu-
sive one of the other, as a modeled object may be defined
by data corresponding to any combination of these sys-
tems. A system may thus well be both a CAD and PLM
system, as will be apparent from the definitions of such
systems provided below.

[0031] By CAD system, itisadditionally meantany sys-
tem adapted at least for designing a modeled object on
the basis of a graphical representation of the modeled
object, such as CATIA. In this case, the data defining a
modeled object comprise data allowing the representa-
tion of the modeled object. A CAD system may for ex-
ample provide a representation of CAD modeled objects
using edges or lines, in certain cases with faces or sur-
faces. Lines, edges, or surfaces may be represented in
various manners, e.g. non-uniform rational B-splines
(NURBS). Specifically, a CAD file contains specifica-
tions, from which geometry may be generated, which in
turn allows for a representation to be generated. Speci-
fications of a modeled object may be stored in a single
CAD file or multiple ones. The typical size of a file rep-
resenting a modeled object in a CAD system is in the
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range of one Megabyte per part. And a modeled object
may typically be an assembly of thousands of parts.
[0032] In the context of CAD, a modeled object may
typically be a 3D modeled object, e.g. representing a
product such as a partoran assembly of parts, or possibly
an assembly of products. By "3D modeled object", it is
meant any object which is modeled by data allowing its
3D representation. A 3D representation allows the view-
ing of the part from all angles. For example, a 3D modeled
object, when 3D represented, may be handled and turned
around any of its axes, or around any axis in the screen
on which the representation is displayed. This notably
excludes 2D icons, which are not 3D modeled. The dis-
play of a 3D representation facilitates design (i.e. increas-
es the speed at which designers statistically accomplish
their task). This speeds up the manufacturing process in
the industry, as the design of the products is part of the
manufacturing process.

[0033] The 3D modeled object may represent the ge-
ometry of a product to be manufactured in the real world
subsequent to the completion of its virtual design with for
instance a CAD software solution or CAD system, such
as a (e.g. mechanical) part or assembly of parts (or equiv-
alently an assembly of parts, as the assembly of parts
may be seen as a part itself from the point of view of the
method, or the method may be applied independently to
each part of the assembly), or more generally any rigid
body assembly (e.g. a mobile mechanism). A CAD soft-
ware solution allows the design of products in various
and unlimited industrial fields, including: aerospace, ar-
chitecture, construction, consumer goods, high-tech de-
vices, industrial equipment, transportation, marine,
and/or offshore oil/gas production or transportation. The
3D modeled object designed by the method may thus
represent an industrial product which may be any me-
chanical part, such as a part of a terrestrial vehicle (in-
cluding e.g. car and light truck equipment, racing cars,
motorcycles, truck and motor equipment, trucks and bus-
es, trains), a part of an aerial vehicle (including e.g. air-
frame equipment, aerospace equipment, propulsion
equipment, defense products, airline equipment, space
equipment), a part of a naval vehicle (including e.g. navy
equipment, commercial ships, offshore equipment,
yachts and workboats, marine equipment), a general me-
chanical part (including e.g. industrial manufacturing ma-
chinery, heavy mobile machinery or equipment, installed
equipment, industrial equipment product, fabricated met-
al product, tire manufacturing product), an electro-me-
chanical or electronic part (including e.g. consumer elec-
tronics, security and/or control and/or instrumentation
products, computing and communication equipment,
semiconductors, medical devices and equipment), a con-
sumer good (including e.g. furniture, home and garden
products, leisure goods, fashion products, hard goods
retailers’ products, softgoods retailers’ products), a pack-
aging (including e.g. food and beverage and tobacco,
beauty and personal care, household product packag-

ing).
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[0034] ByPLMsystem,itis additionally meantany sys-
tem adapted for the management of a modeled object
representing a physical manufactured product (or prod-
uct to be manufactured). In a PLM system, a modeled
object is thus defined by data suitable for the manufac-
turing of a physical object. These may typically be dimen-
sion values and/or tolerance values. For a correct man-
ufacturing of an object, it is indeed better to have such
values.

[0035] By CAM solution, it is additionally meant any
solution, software of hardware, adapted for managing
the manufacturing data of a product. The manufacturing
data generally includes data related to the product to
manufacture, the manufacturing process and the re-
quired resources. A CAM solution is used to plan and
optimize the whole manufacturing process of a product.
For instance, it can provide the CAM users with informa-
tion on the feasibility, the duration of a manufacturing
process or the number of resources, such as specific
robots, that may be used at a specific step of the manu-
facturing process; and thus allowing decision on man-
agement or required investment. CAM is a subsequent
process after a CAD process and potential CAE process.
Such CAM solutions are provided by Dassault Systémes
under the trademark DELMIA®.

[0036] By CAE solution, it is additionally meant any
solution, software of hardware, adapted for the analysis
of the physical behavior of a modeled object. A well-
known and widely used CAE technique is the Finite El-
ement Method (FEM) which typically involves a division
of a modeled objet into elements which physical behav-
iors can be computed and simulated through equations.
Such CAE solutions are provided by Dassault Systémes
under the trademark SIMULIA®. Another growing CAE
technique involves the modeling and analysis of complex
systems composed a plurality components from different
fields of physics without CAD geometry data. CAE solu-
tions allow the simulation and thus the optimization, the
improvement and the validation of products to manufac-
ture. Such CAE solutions are provided by Dassault Sys-
téemes under the trademark DYMOLA®.

[0037] PDM stands for Product Data Management. By
PDM solution, it is meant any solution, software of hard-
ware, adapted for managing all types of data related to
a particular product. A PDM solution may be used by all
actors involved in the lifecycle of a product: primarily en-
gineers but also including project managers, finance peo-
ple, sales people and buyers. APDM solutionis generally
based on a product-oriented database. It allows the ac-
tors to share consistent data on their products and there-
fore prevents actors from using divergent data. Such
PDM solutions are provided by Dassault Systemes under
the trademark ENOVIA®.

[0038] FIG. 13 shows an example of the system,
wherein the system is a client computer system, e.g. a
workstation of a user.

[0039] The client computer of the example comprises
a central processing unit (CPU) 1010 connected to an
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internal communication BUS 1000, a random-access
memory (RAM) 1070 also connected to the BUS. The
client computer is further provided with a graphical
processing unit (GPU) 1110 which is associated with a
video random access memory 1100 connected to the
BUS. Video RAM 1100 is also known in the art as frame
buffer. A mass storage device controller 1020 manages
accesses to a mass memory device, such as hard drive
1030. Mass memory devices suitable for tangibly em-
bodying computer program instructions and data include
all forms of nonvolatile memory, including by way of ex-
ample semiconductor memory devices, such as
EPROM, EEPROM, and flash memory devices; magnet-
ic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM disks 1040. Any of
the foregoing may be supplemented by, or incorporated
in, specially designed ASICs (application-specific inte-
grated circuits). A network adapter 1050 manages ac-
cesses to a network 1060. The client computer may also
include a haptic device 1090 such as cursor control de-
vice, a keyboard or the like. A cursor control device is
used in the client computer to permit the user to selec-
tively position a cursor at any desired location on display
1080. In addition, the cursor control device allows the
user to select various commands, and input control sig-
nals. The cursor control device includes a number of sig-
nal generation devices for input control signals to system.
Typically, a cursor control device may be a mouse, the
button of the mouse being used to generate the signals.
Alternatively or additionally, the client computer system
may comprise a sensitive pad, and/or a sensitive screen.
[0040] The computer program may comprise instruc-
tions executable by a computer, the instructions compris-
ing means for causing the above system to perform the
method. The program may be recordable on any data
storage medium, including the memory of the system.
The program may for example be implemented in digital
electronic circuitry, or in computer hardware, firmware,
software, or in combinations of them. The program may
be implemented as an apparatus, for example a product
tangibly embodied in a machine-readable storage device
for execution by a programmable processor. Method
steps may be performed by a programmable processor
executing a program of instructions to perform functions
of the method by operating on input data and generating
output. The processor may thus be programmable and
coupled to receive data and instructions from, and to
transmit data and instructions to, a data storage system,
at least one input device, and at least one output device.
The application program may be implemented in a high-
level procedural or object-oriented programming lan-
guage, or in assembly or machine language if desired.
In any case, the language may be a compiled or inter-
preted language. The program may be a full installation
program or an update program. Application of the pro-
gram on the system results in any case in instructions
for performing the method.

[0041] The data structure is a functional data that
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serves to control and store operations of the CAD system
(or the like). And therefore, the data structure serves to
control operations for designing a 3D model, e.g. on a
history-free CAD system. Especially, the data structure
improves design operations as creating shapes have
type and parameters that are passed to a generic feature
which is not strongly typed, but on the contrary weakly
typed. Here, the data structure is functional data for the
technical feature of designing a 3D model, e.g. repre-
senting an object of the real world.

[0042] "Designing a 3D modeled object" designates
any action or series of actions, which are at least part of
a process of elaborating a 3D modeled object. Thus, the
method may comprise creating the 3D modeled object
from scratch. Alternatively, the method may comprise
providing a 3D modeled object previously created, and
then modifying the 3D modeled object. The method may
be included in a manufacturing process, which may com-
prise, after performing the method, producing a physical
product corresponding to the modeled object. In any
case, the modeled object designed by the method may
represent a manufacturing object. The modeled object
may thus be a modeled solid (i.e. a modeled object that
represents a solid). The manufacturing object may be a
product, such as a part, oran assembly of parts. Because
the method improves the design of the modeled object,
the method also improves the manufacturing of a product
and thus increases productivity of the manufacturing
process.

[0043] FIG. 1 illustrates an example of a strongly typed
data structure generally used by known history-based
CAD systems. In this example, the data structure defines
a feature 3D Sphere, where the 3D Sphere is a typed 3D
model. The feature 3D sphere defines a type 3D sphere,
where the type comes with a set of parameters that are
the center, the radius and the opening angle of the
sphere. The data structure comes with one single oper-
ation which is a sphere operation. The output of the typed
feature returns the topology of a sphere, as represented
on right of FIG. 1.

[0044] Now, from a history-free approach point of view,
only the mesh representing the sphere is available to the
system. The history-free paradigm is that the feature is
generic: this means that the CAD system is not aware
that the mesh (the wireframe that comprises all the ver-
tices, the edges and from that information faces of the
wireframe can be made) represents a sphere as the CAD
system only accesses the mesh. So, even though the
designer can quickly iterate on the shape, he can only
modify the current state of the mesh; thus modifying only
a parameter of the sphere is not possible, e.g. the de-
signer cannot modify the radius of the mesh having a 3D
shape of 3D sphere.

[0045] FIG. 2 illustrates an example of the data struc-
ture of the invention. The data structure (or feature) is
generic, which means that the data structure is not typed,
and thus not linked to one specific type of object, e.g. a
sphere primitive. A feature is a building block from which
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a shape can be obtained. Features are commonly used
in 3D modeling for building a 3D modeled object. As non-
limiting examples, a "classic" feature can be of the type
parallelepiped (e.g. a cuboid), cylinder, sphere, pyramid,
cone, quadric, ruled surface, tori...More generally, a fea-
ture can represent any shape, and even very complex
shapes such as a car or a plane, while the feature owns
a set of parameters that are sufficient for a specific op-
eratorto generate the shape. A set of features may allows
describing an industrial product, e.g. the industrial prod-
uct represented by a mesh in a history-free CAD system.
[0046] The data structure being generic, it can be used
in a history-free CAD system. A generic feature is inde-
pendentof atype of feature. However, the generic feature
can receive data, execute data and obtain a result that
is similar to the one provided by a feature having a type.
The data structure takes as input a delegated data object
that defines a type of the feature. The delegated data
object contributes to "weakly type" the generic feature.
This means that the data structure is generic, with a ge-
nericity that is restrained by the delegated data object.
As the data structure is generic, the data structure not
linked to one particular operation. The operation comes
together with the delegated data object. Hence, the (ge-
neric) data structure inherits a type and an operator that
is specific to the type the delegated data object. The in-
heritance is performed by providing as an input the del-
egated data object (which comprises the type and the
specific operator) to the generic feature. The outputis a
topology that is computed by the generic feature from
the input. The topology is thus specific to the type pro-
vided in input.

[0047] This s illustrated on FIG. 3 where the (generic)
data structure takes in input a delegated data object of
the type sphere and the topology produced by the data
structure is a sphere. The production of the sphere is
controlled by the operator of the type, the operator being
executed (or run) by the data structure. Hence, the op-
erator of a delegated data object is retrieved and then
executed by the data structure.

[0048] The delegated data object comprises inputs pa-
rameters that are specific of the type of the delegated
data object. The delegated also comprises one or more
operators that are specific to the type of the delegated
data object.

[0049] FIG. 4 illustrates an example of the delegated
data object specific to the type "sphere". When the del-
egated object is executed by the generic feature, that is
when the system asks the feature "sphere" to build itself,
the generic feature delegates this to the delegated data
object for the specific type. In this example above, the
delegated data object knows it should build a sphere us-
ing the 'Center’, 'Radius’ and 'Opening Angle’ as param-
eters. As such, the delegated object will generate an op-
eration using its input parameters. This operation will
then be used by the generic feature to generate its to-
pology. So, if for any reason, the delegated object is re-
placed by another one, it will be transparent from the
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generic feature point of view as it will still retrieve and run
the operation given by the delegated object.
[0050] The parameters of the delegated data object
allow instantiating the operator that generates an output
topology. For instances, as known in the art:

- the input parameters specific to a type "sphere" are
the center, the radius and the opening angle;

- theinput parameters specific to a type "cylinder" are
the direction of the axis, the height of the cylinder,
the center and the radius of the circle;

- the input parameters specific to a type "cone" are
the axis direction, the height of the cone, the center
and the radius of the cone base;

- the input parameters specific to a type "torus" are
the direction vector, the center, the radius for the
great circle and the radius for the small circle.

[0051] The data structure further comprises an output
topology generated by the operator. The topology de-
pends on the type of the delegated data object.

[0052] In examples, an operation may be performed
by the operator specific to the type of the delegated data
object. In such situation the operation is also referred to
as internal operation: the topology of the output topology
is not modified. An internal operation is typically an op-
eration executed as a result of a modification of an input
parameter of the delegated data object, e.g. a scaleor a
move of the output topology. A list of these operations
may be associated with the delegated data object so that
the generic feature has the knowledge that the modifica-
tion may be executed by the operation already "loaded"
on the generic feature.

[0053] In examples, an operation may be performed
by an operator that is not the specific operator of the
delegated data object. In such situation the operation is
also referred to as external operation: the output topology
is modified. An external operationis typically an operation
that cannot be executed by the operator of the delegated
data object as the topology of the output is modified, e.g.
a cut is performed on the 3D representation of the 3D
model defined by the data structure. In order to execute
the operation, the data structure may comprise an inter-
face adapted to add or to remove at least one operator.
The operator may be "loaded" on the data structure and
executed thereof. The operator of the delegated data ob-
ject may be kept loaded on generic feature or simply re-
moved. The data structure contains at least one operator
at all times.

[0054] In examples, the output topology may be ren-
dered so that a representation of the 3D model defined
by the data structure is accessible, e.g. display to a user.
The output topology may be represented with a mesh,
as known in the art. The mesh may be a subdivision sur-
face that is a method of representing a smooth surface
via the specification of a coarser piecewise linear polygon
mesh. The mesh is a collection of vertices, edges and
faces that defines the shape of a 3D model. The mesh
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thus defines a geometry from which a graphical repre-
sentation of the output topology of the 3D model can be
generated. The mesh may be a subdivision surface that
is generally used to model free-form surfaces of arbitrary
topology. A subdivision surface is defined as the limit of
arefinement process starting with a polygonal base mesh
of control points. The control points of the base mesh
transmit progressive changes to the subdivision surface.
The mesh of the subdivision surface is thus refined as a
result of an iteration of a subdivision process that is con-
trolled by the control points of the base mesh. Hence,
the subdivision surfaces approximate or interpolate the
base mesh. The Catmull-Clark algorithm is an example
of such a subdivision scheme. Base meshes are widely
used in CAD and a simple definition can be that a base
mesh comprises the definition of a subdivision mesh and
control points of subdivision mesh. It is to be understood
that several dedicated algorithms may be used.

[0055] Thus, a design operation may be a modification
of the mesh upon user action on one of the control points
of the base mesh. Examples of design operations on the
base mesh are represented on FIGs. 14a, 14b, 14c and
14d. FIG. 14a illustrates an example of base mesh that
is a Cubic Base Mesh. The cubic Base mesh has 8 control
points and the edges have the same length. No weight
is attached to any of the vertices, edges or face. On FIG.
14b, the user has displaced (or moved) a control point
of the base mesh of FIG. 14a that controls the subdivision
of the original cube into a sphere, e.g. with a Catmull-
Clark algorithm. FIG. 14c illustrates the subdivision sur-
face obtained from the base mesh of FIGs. 14a that is
Cubic Base Mesh (8 control points) with the edges have
the same length, a Weight (100% sharp) on two opposite
faces. A cylinder is therefore obtained. FIG. 14d illus-
trates the subdivision surface obtained from the base
mesh of FIGs. 14a that is Cubic Base Mesh (8 control
points) with the edges have the same length and a weight
(100% sharp) on each edge. A cube is obtained. In these
examples, the control points modify the weight of vertices
or edges or faces and thus the subdivision process. At-
tractiveness one the mesh is made by the weights.
[0056] Referring now to FIGs. 5 and 6, a build phase
of the 3D model defined by the data structure according
to the invention is now discussed.

[0057] FIG. 5 represents a build phase of a generic
feature in a history-free system, as known in the art.
When a user asks for the modification of a shape, the
system goes through a Build phase of the shape. Usually,
during this phase, an operator representing the current
modification is called, the result of this operator is the
new shape associated to the current shape. The build
phase has one output, which is the new shape.

[0058] FIG. 6 represents a build phase of the data
structure of the invention. The build phase of the present
invention is different because the Build phase does not
just compute the new shape according to the current
modification, it also ensures that the delegated data ob-
ject is still consistent and if not, a new delegated data
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object is provided to the data structure.

[0059] The Build phase is now discussed with more
precision in reference to FIG.7 that is an example of a
computer-implemented method for designing a 3D model
with the data structure of the present invention.

[0060] At S10, a first data structure according to the
invention is provided. The first data structure defines a
first 3D model and comprises afirst delegated data object
and a first output topology. The first output topology de-
fines a current geometry that may be a current represen-
tation of the 3D model, e.g. a base mesh is displayed.
[0061] At S20, the build phase is performed.

[0062] The build phase starts with a user modification
(821) of the first delegated data object. The modification
of the first delegated data object may comprise directly
modifying one or more input parameters of the first del-
egated data object. Alternatively, the modification may
comprise modifying the 3D model (the 3D shape, that is,
the representation of the 3D model) without explicitly
modifying one or more parameters of the delegated data
object. Another possibility is that the first delegated data
object is replaced by another one.

[0063] Then, itis determined (S22) whether a change
of the first output topology occurred as a result of the
user modification (821). It is to be understood that the
detection that a change of topology occurred can be per-
formed with any known technique.

[0064] As anexample, the determination is performed
by performing a comparison between the first output to-
pology and a second output topology, where the second
output topology is the topology obtained after the user
modification.

[0065] The comparison between the first output topol-
ogy and a second output topology may comprise per-
forming a comparison of the first base mesh and the sec-
ond base mesh, where the first base mesh is the base
mesh corresponding to the geometry before the modifi-
cation and the second base mesh is the one correspond-
ing to the geometry avec the modification. Computing a
topology change is easier from a mesh.

[0066] If the current operation (S21) has kept the de-
lated data object, that is, the type 3D shape is not
changed as a result of the modification, then $23 is per-
formed. Otherwise S$24 and S25 are performed.

[0067] $S23is now discussed in reference with FIG. 8.
As no change in the topology has been determined, the
first delegated data object is kept. In other words, the
type of the 3D model is not changed. This is the case
when one or more parameters of the first delegated data
object have been modified, or when the modification of
the 3D shape without explicitly changing the weak type
parameters does not affect the first topology output.
[0068] Thus, when the user has modified one or more
input parameters of the first delegated data object, the
input parameters of the first delegated data are overwrit-
ten by the modified one or more input parameters. Inter-
estingly, in such situation, the verification of a topological
change may be not performed.
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[0069] Andwhenthe modification of the 3D shape with-
out explicitly changing the weak type parameters does
not affect the first topology output, the first delegated data
is kept and the parameters are modified in accordance
with the modification of the 3D shape. The new value of
one or more parameters is computed in accordance with
the modifications of the 3D shape. The computation of
the one or more new values is performed as known in
the art.

[0070] The modification of the 3D shape may be done
by the user by performing directly modification on the
mesh. In this case, the first output topology is rendered
therefore forming a base mesh, as known in the art. And
the user performs the modification on the base mesh,
e.g. the user moves vertices or edges or control points
of the base mesh.

[0071] In examples, the modification of the (base)
mesh comprises performing at least one operation that
is selected among a scaling, a move.... As these opera-
tions are known to be topologically neutral (that is, they
do not modify the topology), the first output topology will
be generated by the unchanged operator of the first del-
egated data object.

[0072] S24 and S25 are now discussed in reference
with FIG. 9. At S24, a new delegated data object is se-
lected to replace (S25) the current one which is no more
valid.

[0073] The identification of the new delegated data ob-
ject may be performed by comparing the second output
topology (the new one obtained as a result of the modi-
fication) with output topologies of a list of output topolo-
gies. Each output topology of the list is associated with
one delegated data object, so that when a correspond-
ence between the new output topologies and an output
topology of the list identified, the associated delegated
data object is retained as the new one. Said otherwise,
a third delegated data object is selected as a result of
the comparison, and the third delegated data object is a
delegated data object of the list with an associated output
topology that is the same as the second output topology.
The selection of the third delegated data object may be
automatically performed, e.g. the user does not inter-
vene.

[0074] Alternatively, the comparison may be per-
formed between 3D shapes; in this case, the list com-
prises 3D shapes that are associated with delegated data
objects.

[0075] However, cases may exist where no new dele-
gated data object can be selected in the list. A typical
reason might be that no identical topology is referenced
in the list. In this situation, the user is provided with one
or more one delegated data objects of the list having
associated output topologies that are the closest to the
second output topology. The distance between two topol-
ogies is measured as known in the art. For instance, this
can be carried out with a computation of confusion of the
meshes representing the output topologies. At least the
positions of the vertices of the meshes are compared
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(with a given tolerance), and eventually the edges con-
necting the vertices. A ranking may be carried out from
the measures, and the first topologies of the ranking are
provided to the user.

[0076] Alternatively, the comparison may be per-
formed between 3D shapes; in this case, similarity meas-
ures are performed between the current 3D shape (the
one modified upon user action) and the list of 3D shapes
that are associated with delegated data objects. The del-
egated data objects with the 3D shapes that are the most
similar to the current one are presented to the user.
[0077] The list may further comprise one generic del-
egated data object. This generic delegated data object
can be used in the event the user is not satisfied by the
proposed topologies. Alternatively, the generic delegat-
ed data object may be the sole delegated data object
proposed to the user.

[0078] After the selection of one of the provided dele-
gated data objects, the first delegated data object is re-
placed by the selected delegated data object.

[0079] Interestingly, the user has the possibility to cre-
ate a new type at any stage of the method, and more
particularly when $24 and $25 are carried out. In an ex-
ample, the replacement of the first delegated data object
by the second delegated data object may comprises stor-
ing the second delegated data object as a new type.
[0080] Referring back to FIG. 7, at S30, the data struc-
ture comprises, after the user modification, a weak type
that is the same or a new one, and a topological output.
[0081] FIG. 10a shows a data structure that corre-
sponds to a type sphere. FIG. 10b shows the same data
structure after a scale. Indeed, the scale is an operation
that does not modify the delegated data object of FIG.
10a.

[0082] FIG. 11a shows the data structure of FIG. 10a.
FIG. 11b shows the same data structure after an extrude
operation. The base mesh has been modified, thus pro-
ducing a topological change of the topological output. A
subdivision is thus obtained and a new delegated data
object is identified in a list of delegated data objects. The
delegated data object will replace the current one.
[0083] FIG. 12a shows a generic object. FIG. 12b
shows the same object after that a fill operation has been
performed on the top of the generic object. The fill oper-
ation result in a sphere. Indeed, the system is able to
extract the relevantinformationin order to fill the sphere’s
parameters values. This is possible by comparing the 3D
Shape against a list of delegated data objects’ shape. If
the system recognizes several possible delegated data
objects, it will prompt a message to the user for him to
choose between the possible choices.

Claims

1. Data structure defining a three-dimensional (3D)
model comprising:
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- one delegated data object comprising:

-- input parameters specific to a type of the
delegated data object; and

-- at least one operator specific to the type
of the delegated data object for generating
an output topology;

- an output topology generated by the operator.
2. The data structure of claim 1, further comprising:

- an interface to add or remove at least one op-
erator.

3. A computer-implemented method for designing a
three-dimensional (3D) model, comprising:

- providing a first data structure according to one
of claims 1 or 2, the first data structure defining
afirst3D model comprising afirst delegated data
object and a first output topology;

- modifying, upon user action, the first delegated
data object;

- computing a second output topology as a result
of the modification of the first data structure;

- determining whether a change of topology oc-
curred by comparing of the first and second out-
put topologies;

- replacing the first delegated data object by a
second delegated data object if a change of to-
pology is determined between the first and sec-
ond output topologies or keeping the first dele-
gated data object if no change of topology is
determined.

4. The computer-implemented method of claim 3,
wherein replacing the delegated data object by the
second delegated data object comprises:

- comparing the second output topology with a
list of output topologies, each output topology of
thelistbeing associated with one delegated data
object;

- automatically selecting a third delegated data
object as a result of the comparison, the third
delegated data object being a delegated data
object of the list with an associated output topol-
ogy that is the same as the second output topol-

ogy.

5. The computer-implemented method of claim 4, fur-
ther comprising, if no delegated data object of the
list is selected as a result of the comparison:

- providing the user with one or more one dele-
gated data objects of the list having associated
output topologies that are the closest to the sec-
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ond output topology, including one generic del-
egated data object;

- selecting by the user one of the provided del-
egated data objects.

The computer-implemented method of one of claims
3 to 5, wherein modifying, upon user action, the first
delegated data object comprises:

- modifying one or more input parameters of the
first delegated data object;

- determining no topological change as a result
of the comparison; and

- overwriting the input parameters of the first del-
egated data by the modified one or more input
parameters.

The computer-implemented method of one of claims
3 to 6, further comprising, after providing the first
data structure:

- rendering the first output topology therefore
forming a mesh;
- modifying, upon user action, the mesh.

The computer-implemented method of claim 7,
wherein modifying the mesh comprises:

- performing at least one operation selected
among a scaling, a move; and wherein keeping
the first delegated data object further comprises
generating the first output topology by the oper-
ator of the first delegated data object.

The computer-implemented method of one of claims
3 to 8, wherein the first delegated data object and
the first output topology form a base mesh.

The computer-implemented method of one of claims
3 to 9, wherein replacing the first delegated data ob-
jectby the second delegated data object further com-
prises storing the second delegated data object as
a new type.

A computer program comprising instructions for per-
forming the method of any of claims 3-10.

A computer readable storage medium having re-
corded thereon a computer program of claim 11
and/or the data structure according to one of claims
1to 2.

A system comprising a processor coupled to a mem-
ory, the memory having recorded thereon the com-
puter program of claim 11 and/or the data structure
of one of claims 1 to 2.

10

15

20

25

30

35

40

45

50

55

1"

20



| Delegated data object EMM - e

b

Py

EP 3 674 931 A1

Sphere
operation

Center 2
Radius >
Opening Angle

Delegated data object
Sphere

Input

FIG. 1

Generic feature

FIG. 2

Qutput

Topology

Generic feature

FIG. 3

12

h 4

Sphere




Center

Radius

Opening Angle

EP 3 674 931 A1

WM MM D NG WG NN GO W Om oW w o ey

Delegated data

Sphere operation

Sphere

i

i

I i
object ;
I

I

I

FIG. 4

Oufput

FIG. 5

| viEs‘LLiE,d,PhaSe :

FIG. 6

13




EP 3 674 931 A1

L "DId

o o

9seyd pling

14



EP 3 674 931 A1

FIG. 9

15



EP 3 674 931 A1

FIG. 10a FIG. 10b

16



EP 3 674 931 A1

FIG. 11a FIG. 11b

FIG. 12a FIG. 12b

17



EP 3 674 931 A1

1000

Y

1070
\/\\ CPU K— K—> RAM | 5
1020
Mass storage —_— (—> Display  ~_/~_
\/\\ devices controler B 1080
I 0 |
1030 S Haptic |
\/\ Hard CDROM ﬁ device L 1090
drive
Network Adapter <::> Video
B ﬁ RAM

1110

| Network GPU
5 NI

FIG. 13

18



EP 3 674 931 A1

E
N

FIG. 14a FIG. 14b

FIG. 14¢ FIG. 14d

19



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 674 931 A1

Application Number

EP 18 30 6890

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

X

EP 1 501 026 Al (DASSAULT SYSTEMES [FR])
26 January 2005 (2005-01-26)

* claim 9 *

* the whole document *

US 2011/025688 Al (SCHNEIDER KEVIN [US] ET
AL) 3 February 2011 (2011-02-03)

* paragraphs [0008] - [0009]; claims 1-3 *
* the whole document *

THOMAS CONVARD ET AL: "History based
reactive objects for immersive CAD",
SOLID MODELING AND APPLICATIONS,
EUROGRAPHICS ASSOCIATION, P. 0. BOX
16ATRE-LA-VILLECH-1288SWITZERLAND,

9 June 2004 (2004-06-09), pages 291-296,
XP058378708,

ISSN: 1811-7783

ISBN: 978-3-905673-55-5

* abstract *

* section 3, section 4.1 *

* the whole document *

US 9 117 308 Bl (NAG ARUNABHA [US] ET AL)
25 August 2015 (2015-08-25)

* claims 1,2,6 *

* the whole document *

US 2012/084060 Al (GUNASENA UDAYA [US] ET
AL) 5 April 2012 (2012-04-05)

* paragraph [0028]; claim 1 *

* the whole document *

The present search report has been drawn up for all claims

1-13

1-13

1-13

1-13

1-13

INV.

GO6F17/50
GO6T17/00
GO06T19/00

TECHNICAL FIELDS
SEARCHED (IPC)

GO6F
GO6T

Place of search

Munich

Date of completion of the search

27 June 2019

Examiner

Dapp, Wolfgang

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

20




EP 3 674 931 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 30 6890

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

27-06-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 1501026 Al 26-01-2005 CA 2475660 Al 25-01-2005
EP 1501026 Al 26-01-2005
JP 4477443 B2 09-06-2010
JP 2005044365 A 17-02-2005
JP 2009211724 A 17-09-2009
KR 20050012685 A 02-02-2005
US 2005038642 Al 17-02-2005

US 2011025688 Al 03-02-2011  NONE

US 9117308 Bl 25-08-2015 US 9117308 Bl 25-08-2015
Us 9665667 Bl 30-05-2017

US 2012084060 Al 05-04-2012  NONE

21

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	abstract
	description
	claims
	drawings
	search report

